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P u b l i c a t i o n s  : 

a )  
scanning  High r e s o l u t i o n  Mass Spectrometry and Gas Chromatography. 

Lipsky, S.R.,  McMurray, W.J. and Horvath, C.G.  Proceedings 
of t h e  S i x t h  I n t e r n a t i o n a l  Symposium on Gas Chromatography and 
Assoc ia ted  Techniques. P. 299-317, 1966. E d i t o r :  A.B.  Li t t lewood,  
E l s e v i e r  Pub l i sh ing  Co., Amsterdam. 

The Analys is  of Complex Organic Coinpounds by F a s t - e l e c t r i c a l -  

b )  F a s t  Scan High Resolu t ion  Mass Spectrometry: 11. Resu l t s  
Obtained wi th  Direct Data Acqu i s i t i on  Systems. 

McMurray, W.J., Lipsky, S .R.  and Green, B.N. Advances i n  
Mass Spec t rons t ry ,  Volume 4 ,  September 1967, E l s e v i e r  Pub l i sh ing  
Co., Amsterdam, Holland ( r e p r i n t s  w i l l  be a v a i l a b l e  by December, 1967) .  

c)  Fast Liquid  Chromatography: I. An I n v e s t i g a t i o n  of Opera t ing  
Parameters  and t h e  Separa t ion  of Nucleot ides  on P e l l i c u l a r  Ion 
Exchangers. 

Horvath,  C . G . ,  P r e i s s ,  B. and Lipsky, S.R. A n a l y t i c a l  Chemistry,  
V o l .  39, October 1967 ( r e p r i n t s  w i l l  be a v a i l a b l e  i n  November 1967).  

Enrichmsnt Devices : 

S t o p - S t a r t  Gas Chronatography and i t s  use  with Mass Spectroinstry 
and I n f r a - r e d  f o r  t h e  s e n f i o n  and i d e n t l f i c a t i o n  of orga6iE- -- 
comDounds - a Dossible  a l t e r n a t i v e  t o  t h e  use  of enrichment dev ices  

-I- 

A s  po in t ed  o u t  prev ious ly ,  a very e s s e n t i a l  p a r t  of t h e  tandemly 
ope ra t ed  gas chromatograph-mass spectrometer  ins t rument  i s  t h e  
enrichment  system used t o  i n t e r f a c e  t h e  two ins t ruments .  
t h i s  system should be capable of s e l e c t i v e l y  and dynamically 
removing much of t h e  c a r r i e r  gas (hel ium or hydrogen) from t h e  
gas chromatographic column e f f l u e n t  wi th  l i t t l e  or no l o s s  of t h e  
sample s o l u t e  (sample enrichment) p r i o r  t o  e n t r y  i n t o  t h e  ion  
source  of t h e  mass Spectrometer.  T h i s  i s  necessary  fo r  t h e  main- 
tenance  of an adequate  vacuum i n  t h e  mass spectrometer  i n  o rde r  
t o  provide  good i n t e r p r e t a b l e  f r agmsn t$ t ion_pa t t e rns  a t  r e l a t i v e l y  
h i g h  s e n s i t i v i t y .  

I d e a l l y ,  
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I n  t h e  area of f l i g h t  ins t rumenta t ion ,  one basic problem t h a t  
confronts  one h e r e  i s  t h e  need f o r  a r e l i ab le ,  s u s t a i n a b l e  pumping 
system t o  maintain t h e  enrichment device  ( i n  a d d i t i o n  t o  t h e  ion  
source of t h e  mass spectrometer)  a t  optimum e f f i c i e n c y .  Recent ly ,  
D r .  R.P.W. S c o t t  of England descr ibed  a unique gas chromatographic 
system which can be coupled t o  a mass spectrometer  wi thout  t h e  use  
---__- of enrichment devices  and i t s  a s s o c i a t e d  pumping requirements .  
During t h e  l a s t  s e v e r a l  months w e  have explored t h i s  system and 
found t h a t  it has many f e a t u r e s  a t t r a c t i v e  t o  t h e  GC-MS program. 
It was noted t h a t  by au tomat i ca l ly  i n t e r r r u p t i n g  t h e  e l u t i o n  of 
t h e  s o l u t e  bands f r o n  t h e  gas chromatographic column*.with no 
loss  of r e s o l v i n g  pDwer, each peak was a u t o x a t i c a l l y  t rapped  
o u t  i n  a s p e c i a l  s h o r t  l e n g t h  of packed column, concent ra ted  
by f r e e i n g  it from t h e  carrier gas ,  and then  au tomat i ca l ly  e l u t e d  
i n t o  the  ion  soJ rce  of the  mass spectrometer  (and a s p e c i a l  i n f r a -  
r e d  c e l l  a s  w e l l ) .  
could be examined f o r  a minimum of 1 0  minutes before  t h e  nex t  peak 
was e l u t e d .  Such cond i t ions  were obtalned by the use  of a sequence 
programmer which au tomat ica l ly  stopped t h e  chromatographic develop- 
ment (by s topp ing  t h e  carrier gas f low)  a f t e r  each peak and 
s t a r t i n g  it again  a f t e r  adequate s p e c t r a  have besn a t t a i n e d .  

-___-__-__I 

Under t h e s e  circumstances each s o l u t e  peak 

Upon t h e o r e t i c a l  grounds, it i s  obvious t h a t  c e r t a i n  a s p e c t s  
of t h i s  concept warrant  c l o s e  s c r u t i n y  as p o s s i b l e  t r a d e - o f f s  
for t h e  Gas Chromatography-Mass Spectrometry program. 
t i m e ,  i t s  major advantages appear t o  be t he  fol lowing:  

A t  t h i s  

1) no requirement f o r  enrichmant devices  and a s s o c i a t e d  pumping 

2 )  95 t o  100% t ransmiss ion  of t h e  e l u t e d  s o l u t e  peak i n t o  t h e  
mass spectrometer  over a t ime i n t e r v a l  t h a t  could extend from 
1 0  seconds t o  1 0  minutes 

a )  accord ingly ,  sample overload and underload p o s s i b i l i t i e s  
are minimized s i n c e  with appropr i a t e  va lv ing  any p o r t i o n  of t h e  
band may be f ed  i n t o  the mass spectrometer  on a ' t i m e '  b a s i s .  

3) complete on l i n e  te lemet ry  c o n t r o l  of t h e  device  froin 
E a r t h  because of t h e  very f avorab le  t i m e  f a c t o r s  involved 

a )  h e r e ,  f o r  example, a p o r t i o n  of t h e  s o l u t e  band i s  admi t ted  
i n t o  t h e  mass s p e c t r o m t e r .  The f u r t h e r  e l u t i o n  from t h e  chromato- 
g raph ic  column is  stopped and a mass s p e c t r a l  scan i s  obta ined  and 
the  r e s u l t s  are  then  te lemetered  back t o  Ea r th  (approximately 
4 minutes) .  
A s i g n a l  from Ear th  i s  then  t r a n s m i t t e d  t o  t h e  device  t o  proceed 
wi th  t h e  a n a l y s i s  (4-6 minutes) .  C a r r i e r  gas flow t h r u  t h e  column 
i s  then  r e s t o r e d  and f u r t h e r  e l u t i o n  of sample component bands 
cont inues  Oiil a s t o p  s t a r t  bas i s .  Thus, under these circumstances,  
s c i e n t i s t s  could now have t h e  c a p a b i l i t y  of viewing t h e  r e s u l t s  of 

The d a t a  i s  analyzed and appears  t o  be s a t i s f a c t o r y .  
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any p a r t  of t h e  ' run '  p r i o r  t o  con t inu ing  wi th  any f u r t h e r  a n a l y s i s .  
Accordingly,  depending upon t h e  n a t u r e  of the  r e s u l t s  t h a t  are 
forthcoming, programmed sequences may be r e a d i l y  a l t e r e d  by Ear th  
ground c o n t r o l  t o  accommodate a wide v a r i e t y  of s i t u a t i o n s  t h a t  may 
arise.  

4 )  conserva t ion  of carrier gas and data handl ing  r e sources  may 
be r e a d i l y  a t t a i n e d  

5)  a d d i t i o n a l  c a p a b i l i t i e s  t o  handle  many more sample c y c l e s  
v i a  t h e  s t o p  s t a r t  procedure.  Here, wi th  appropriate .  instrument  
des ign  and va lv ing ,  o;?e can accept  or re ject  a sample a n a l y s i s  
by a p p r o p r i a t e l y  d i r e c t i n g  t h e  column e f f l u e n t  i n t o  or away from 
t h e  mass spectrometer  

6 )  poss ib ly  less s t r i n g e n t  requirements  f o r  mass spectrometer  
des ign  ( p a r t i c u l a r l y  i n  t h e  area of scan  speed versus  s e n s i t i v i t y )  

7 )  a d d i t i o n a l  s o p h i s t i c a t i o n  may be obta ined  on more advanced 
missions by convenient ly  adding i n f r a - r e d  a n a l y s i s .  
provide f u r t h e r  information concerning t h e  n a t u r e  of t h e  chemical 
s t r u c t u r e  of p o s s i b l e  organic  compounds found i n  t h e  Martian s o i l .  

T n i s  could 

The p o s s i b l e  disadvantages of t h i s  p a r t i c u l a r  system may be: 

a )  t h e  n e c e s s i t y  f o r  a d d i t i o n a l  va lv ing  and flow c o n t r o l  
dev ices  

b )  t h e  p o s s i b l e  complexity induced with t h e  t r a p p i n g  
procedure.  

I n  essence  t h e n ,  it appears  t h a t  such a system may possess  
many advantages for t h e  o v e r a l l  GC-MS program. With t h e  guidance 
of Dr. R.P.W. S c o t t ,  we w i l l  cont inue  t o  i n v e s t i g a t e  a l l  of 
t h e  o p e r a t i n g  parameters  t h a t  a re  involved here and t o  a s s e s s  t h e  
ro le  of t h i s  system i n  f a c i l i t a t i n g  t h e  procurement of a d d i t i o n a l  
in format ion  concerning t h e  s t r u c t u r e  of complex organic  compounds 
of biochemical i n t e r e s t .  

_4L--- P r o l y s i s  S t u d i e s :  

This program i s  cont inuing  as o u t l i n e d  i n  t h e  previous 
p rogres s  r e p o r t .  
p y r o l y s i s  system f o r  t h i s  experiment as w e l l  as  c e r t a i n  ope ra t ing  
parameters  such as  

This  involves  an assessment of t h e  des ign  of a 

a )  n a t u r e  of carr ier  gas and flow ra tes  
b )  sample s i z e  



- 

.A - I -  

- 
. .  

c)  temperature  
d )  d u r a t i o n  of p y r o l y s i s  
e )  the e f f e c t  of i no rgan ic  c o n s t i t u e n t s  on p y r o l y s i s  p a t t e r n s  

Tne Rapid Detec t ion  of Non-Volatile Compounds by Liquid Chromatography 

I n  an e f f o r t  t o  even tua l ly  achieve  as complete an a n a l y s i s  
of o rgan ic  compounds p resen t  i n  s u r f a c e  material as p o s s i b l e  an 
a t t empt  was made t o  t r y  t o  d e t e c t  t h o s e  non-vo la t i l e  subs tances  
t h a t  a re  n o t  r e a d i l y  amenable t o  a n a l y s i s  by gas  chromatography 
and mass spectrometry.  Accordingly, a l i q u i d  chromatographic 
system f e a t u r i n g  h igh  i n l e t  p re s su res  and a s e n s i t i v k  UV d e t e c t o r  
was designed for f a s t  a n a l y s i s  of n o n - v o l a t i l e  organic  compounds. 
To e s t a b l i s h  opt imal  ope ra t ing  cond i t ions ,  band d i s p e r s i o n  i n  
t h e  mobile phase was s tud ied  by u s i n g  c a p i l l a r y  tubes  as w e l l  
as  small bore columns packed with g l a s s  beads. Although peak 
broadening i n  open t u b e s  was less than  p red ic t ed  by theo ry ,  t h e  
use  of packed columns was more p r o n i s i n g  f o r  f a s t  s e p a r a t i o n s .  
Novel p e l l i c u l a r  column materials were prepared by c o a t i n g  glass 
beads wi th  ion  exchange res in  and o t h e r  s o l i d  phases.  
s e p a r a t i o n  of nanomole q u a n t i t i e s  of r i bonuc leos ide  mono-, d i - ,  
and t r i p h o s p h a t e s  was achieved by us ing  a p e l l i c u l a r  b a s i c  i on  
exchanger and g r a d i e n t  e l u t i o n  with a phosphate bu f fe r .  A s  shown 
by c e l l u l a r  extract  ana lyses ,  the  s t a b i l i t y  and e f f i c i e n c y  
provided by such column m a t e r i a l s  makes it poss ib l e  t o  achieve  
f a s t  s epa ra t ion  of complex mixtures  by a l i q u i d  chromatographic 
technique  s i m i l a r  i n  speed, r e s o l u t i o n ,  and q u a n t i t a t i v e  range  
t o  gas chromatography. 

Rapid 


